BACKGROUND: Management of ruptured arteriovenous malformations (AVMs) with a mass-producing intracerebral hematoma (ICH) represents a surgical dilemma. OBJECTIVE: To evaluate the clinical outcome and obliteration rates of microsurgical resection of AVM when performed concomitantly with evacuation of an associated spaceoccupying ICH. METHODS: Data of patients with AVM were collected prospectively. Cases were identified in which an AVM was resected and an associated space-occupying ICH was evacuated at the same time, and divided into "group 1, " in which the surgery was performed acutely within 48 h of presentation (secondary to elevated intracranial pressure); and "group 2, " in which selected patients were operated upon in the presence of a liquefying ICH in the "subacute" stage. Clinical outcomes were assessed using the modified Rankin Scale, with a score of 0 to 2 considered a good outcome. Obliteration rates were assessed using postoperative angiography. RESULTS: From 2001 to 2015, 131 patients underwent microsurgical resection of an AVM, of which 65 cases were included. In "group 1" (n = 21; Spetzler-Ponce class A = 13, class B = 5, and class C = 3), 11 of 21 (52%) had a good outcome and in 18 of 19 (95%) of those who had a postoperative angiogram the AVMs were completely obliterated. In "group 2"(n = 44; Spetzler-Ponce class A = 33, class B = 9, and class C = 2), 31 of 44 (93%) had a good outcome and 42 of 44 (95%) were obliterated with a single procedure. For supratentorial AVMs, the ICH cavity was utilized to provide an operative trajectory to a deep AVM in 11 cases, and in 26 cases the ICH cavity was deep to the AVM and hence facilitated the deep dissection of the nidus. CONCLUSION: In selected patients the presence of a liquefying ICH cavity may facilitate the resection of AVMs when performed in the subacute stage resulting in a good neurological outcome and high obliteration rate.
tation of intracranial arteriovenous malformation (AVM), accounting for approximately 2% of all hemorrhagic strokes. 4 Mass-producing intracerebral hematoma (ICH) are the most common type of hemorrhage associated with intracranial vascular malformations, followed by intraventricular hemorrhage and subarachnoid hemorrhage. 5 Despite new evidence 6 and treatment guidelines for cerebral AVMs having been proposed, 7 the management of patients presenting with intracerebral massproducing hematomas remains contentious.
In terms of management, AVMs may represent one of the most complex lesions encountered by the vascular neurosurgeon. The aim of treatment is the total obliteration of the AVM, thus eliminating the risk of subsequent lesion-related hemorrhage and long-term neurological sequelae. Available modalities for treating AVMs include operative microsurgery, stereotactic radiotherapy (STRT), and endovascular therapy, with several of these often employed in combination. Success in treating AVM relies on a detailed knowledge of their natural history, and a thorough understanding of the principles and risks of these aforementioned therapeutic modalities. 8, 9 In doing so, evaluation of the angioarchitecture is necessary for preoperative planning and a number of grading systems have been developed [10] [11] [12] [13] ; the most widely used of these is that of Spetzler and Martin. [14] [15] [16] Current evidence on the outcome of patients with AVM presenting with hemorrhage exists largely in the form of case series that are heterogeneous in terms of case-mix, modality of treatment, and operator experience. 17 The mortality in AVMs associated with symptomatic hemorrhage is 4% to 29%, 4, [18] [19] [20] [21] [22] [23] [24] [25] depending on location and type of hemorrhage. 19, 26 This and the emergence of endovascular therapy and STRT as alternatives to surgery means that the choice of when and how best to treat AVMs remains controversial. Although it is generally recommended that surgical excision of AVMs presenting with hemorrhage be deferred to an elective setting, 9 the optimal timing for surgical intervention remains debatable. 27 The presence of a liquefying ICH may provide an operative trajectory to a deep AVM, or facilitate deep dissection of the nidus for microsurgical resection of an AVM in the presence of a mass-producing hematoma ( Figure 1 ). However, these potential benefits must be balanced against the risks and the potential concern regarding morbidity due to operating on a swollen brain and the difficulty in defining the nidus in the presence of an adjacent ICH.
The objective of this study was to evaluate the clinical outcome and obliteration rates of microsurgical resection of AVM when performed concomitantly with evacuation of an associated spaceoccupying ICH and whether the timing of microsurgical resection of AVMs after ICH presentation, impacts on the outcomes of microsurgery.
METHODS
Data on the presentation, structural details, management, and outcome of patients undergoing microsurgical resection of intracranial vascular malformations were collected prospectively on a database. Comorbidities were not recorded as part of this database. From November 2001 and until March 2015, there were 131 surgical procedures involving a single neurovascular surgeon.
All cases of elective AVM resection were excluded. Cases were identified in which the microsurgical AVM resection was performed concomitantly with evacuation of a space-occupying ICH, exerting features of mass effect on imaging (ICH measuring less than 3 cc were excluded from the study). Cases were excluded if there was only small associated intraparenchymal hemorrhage, or the AVM was resected following previous evacuation of an ICH, or after the ICH had completely resolved.
All cases included in the study had a preoperative digital subtraction angiography (DSA)-proven intracranial AVM. Some had computed tomography angiogram (CTA) as well, but at the time the study was conducted CTA alone was not felt to be accurate enough to fully characterize the anomaly. AVMs were classified according to their angioarchitecture using the Spetzler-Ponce grading system into class A, B, or C. 16 All patients were assessed for postoperative neurological deficits and the modified Rankin Scale (mRS) was used to assess the outcome, a score of 0 to 2 was considered a good outcome. Deficits in motor power, sensation, visual fields, speech, and ataxia were correlated with the corresponding eloquent locations of the lesions. Postoperative DSA was used to evaluate AVM obliteration.
Cases were divided into "group 1," in which surgery was performed in the acute phase within 48 h due to signs of elevated intracranial pressure (ICP); and "group 2," in which surgery was performed in the subacute phase (5-28 days) in the presence of a liquefying ICH, in order to provide an operative trajectory to a deep AVM, or to facilitate deep dissection of the nidus.
Comparison of outcomes between groups was performed with Fisher's exact test in R (v3.2.0, www.r-project.org).
IRB/Ethics committee approval was not required for this study.
RESULTS
Between 2001 and 2015, of the 131 patients who underwent microsurgical resection of an intracranial vascular malformation, 65 cases were included in the present analysis ( Figure 2 ).
Group 1
Twenty-one patients underwent microsurgical resection of AVM in addition to evacuation of the ICH at the same procedure within 48 h of presentation ( Figure 3 ). In all cases, patients had reduced or deteriorating Glasgow Coma Scale (GCS) score due to elevated ICP from the mass-producing ICH.
The age range was 3 to 73 years (median 34, interquartile range [IQR] 15-55) with 7 (33%) being under the age of 18 years. There were 11 male and 10 female patients. Three cases were located infratentorially in the cerebellum. The AVMs were classified as Spetzler-Ponce class A in 13 cases, class B in 5 cases, and class C in 3 cases. Therefore, 8 of 21 (38%) were class B or C.
In 17 patients, the resection of the AVM with the evacuation of the ICH was planned, as the AVM was felt to be well defined and surgically favorable. However, in 4 patients (Spetzler-Ponce class B in 3 cases, and class C in 1 case), the decision to resect the AVM after evacuation of the ICH was made intraoperatively due to the need to control active bleeding from the nidus. Overall, in 16 of the 21 cases, the ICH was deep to the nidus. In 3 patients, associated flow aneurysms were identified on the proximal feeder and were obliterated at surgery.
In all, 11 of 21 (52%) patients had a good outcome, with an mRS score of 0 to 2 ( Table 1 ). The outcome was correlated to the GCS at the time of intervention and to the Spetzler grade (Table 2), 7 patients had no neurological deficits whereas the rest were left with combinations of deficits (Table 3) . Three patients were left with a permanent shunt. Three patients died at 10 days, 3 months, and 4 months following surgery, respectively; one of these was discharged with an mRS of 3 but subsequently died from undiagnosed lung cancer (Figure 4) .
Total obliteration of the nidus after the first procedure was achieved in 18 out of 19 (95%) patients who underwent a postoperative angiogram (Table 1 ). An angiogram was not performed in the patient who died on the 10th postoperative day and in another who remained very disabled following surgery. There was a 5-yearold boy who had residual temporal AVM requiring further surgery and STRT to achieve complete obliteration.
Within this group, there were 3 patients who developed an acute life-threatening large mass-producing ICH during planned endovascular embolization and underwent emergency evacuation of the hematoma. However, resection of the AVM was necessary to achieve full hemostasis. These were complex AVMs with deep extensions (Spetzler-Ponce class C in 2 cases, and class B in 1 case). The ICHs were large and deep to the nidus in all cases. One patient (Spetzler-Ponce class C) remained very disabled (mRS 5), and due to the poor recovery the postresection DSA was not performed and only had a postoperative CTA. In the other 2, a complete resection was confirmed by DSA. One of these patients had pre-existing hemiparesis but very good cognitive function (mRS 4). The other patient regained excellent cognitive function and was left with upper limb paresis (Medical Research Council grade >3) and moderate dysphasia (mRS 2).
Group 2
Forty-four patients underwent microsurgical resection of AVM in the subacute phase in the presence of a resolving but persistently space-occupying ICH. The timing of surgery was 5 to 10 days in 19 cases, 11 to 20 days in 20 cases, and over 21 days in 5 cases (median = 12, IQR 8-17). Nine patients had other surgical interventions in the acute phase: 4 cases underwent a decompressive craniectomy with the ICH left in Situ; 5 cases had an external ventricular drain inserted for relief of hydrocephalus.
The age range was 5 to 73 (median = 40, IQR 25-55) years with 7 (16%) being under the age of 18 years. There were 24 male and 20 female patients. Seven cases were located infratentorially in the cerebellum. The AVMs were classified as Spetzler-Ponce class A in 33, class B in 9, and class C in 2. Therefore, 11 of 44 (25%) were class B or C. The liquefying ICH cavity facilitated the approach to a deep AVM nidus by providing a corridor or trajectory in 11 cases, or by providing a dissection plane deep to the nidus in 26 cases ( Figures 5 and 6 ), while this helped with the localization of a relatively small nidus within the cerebellum in 7 cases (Figure 7) . In 4 patients, associated flow aneurysms were identified on the proximal feeder and were obliterated at surgery.
In all, 41 of 44 (93%) had a good outcome, with an mRS 0 to 2, and 35 of 44 (80%) had an mRS of 0 to 1 ( Table 4) . The outcome was correlated to the Spetzler grade. Five patients required a permanent shunt. Three patients were left with wellcontrolled seizures. There were no mortalities.
Total obliteration of the nidus after the first procedure was achieved in 42 of 44 (95%) patients (Table 4) . One case had a small residual AVM following microsurgical resection and was obliterated after STRT. Another patient, aged 5 years, with a diffuse cerebellar AVM, required STRT and multiple microsurgical procedures in order to achieve complete obliteration.
The permanent neurological deficits were analyzed in relationship to the presenting deficit and the eloquence of the AVM. Deficits were due to combination of disruption of functional neural tissue by the hematoma at the eloquent location of the nidus or more remotely. Overall, 33 neurological deficits were noted preoperatively in this group (Table 5) . Of these, the vast majority (29/33; 88%) either completely resolved or significantly improved postoperatively, and the remaining neurological deficits were stable. No new neurological deficits occurred postoperatively.
Comparison of Groups and Outcome Predictor
Anatomic description of all AVMs included in the groups is shown in Table 6 .
Overall, a significantly higher proportion of the patients had a good outcome in group 2 compared with group 1, both for Spetzler-Ponce class A AVMs (35/37 vs 10/15, P = .016) and for Spetzler-Ponce class B and C AVMs (9/11 vs 2/8, P = .023).
Obliteration rate, localization, arterial and venous anatomy, and overall grade were not related to outcome. However, age NEUROSURGERY VOLUME 81 | NUMBER 1 | JULY 2017 | 79 was different between the outcome groups (with and without pediatric population), Table 7 . Therefore, age seems to be a predictor of clinical outcome.
DISCUSSION

General Considerations
In this case series, we have shown that the subacute microsurgical resection of AVM with concomitant evacuation of ICH is a safe and effective option in selected cases. Whenever possible, we feel that the initial management of a vascular lesion presenting with an acute hemorrhage should be conservative; planned elective management, especially for complex lesions, is more likely to achieve better outcome. 9, 28 Frequently, relatively large hematomas can be tolerated and managed conservatively, initially. 28 However, there are always situations where patients with a large space-occupying ICH and signs of raised ICP require acute surgical intervention. An angiogram should be obtained whenever possible prior to surgery. Vigilance is required on studying the imaging before surgery as the configuration of the nidus could be distorted by the presence of the ICH. Imaging would help to identify an associated aneurysm as the more probable cause of the hemorrhage and its management takes priority. 29 In situations when there is an indication to urgently evacuate the ICH without having the opportunity to obtain an angiogram, we strongly suggest not to tackle any vascular lesion encountered without prior angiographic knowledge. More recently, with experience and good-quality CTA studies, very good definition of the AVM can be achieved. It is imperative to define whether the lesion is an AVM or a Dural Arteriovenous fistula (DAVF) with cortical arterialized veins, as the wrong operative maneuver can result in disastrous consequences.
Acute Surgery (Less Than 48 H From Hemorrhage)
If emergency surgery is required and a technically simple malformation exists (Spetzler class A), then microsurgical resection of the lesion, with simultaneous evacuation of the hematoma, may be considered. With complex lesions (Spetzler class B and C), partial evacuation of the hematoma, or even a decompressive craniectomy alone, may be safer in the acute phase. However, even in these cases the surgeon should be aware that in the rare event where hemostasis cannot be achieved, resection of the lesion might still be necessary. In our case series, the decision to resect the AVM was made intraoperatively in 4 patients (all Spetzler-Ponce class B or class C), due to the need to control active bleeding from the nidus. Most of the patients requiring acute intervention presented in coma (GCS < 8) and the majority of AVMs resected in the acute phase together with ICH evacuation in this series were of low Spetzler grade with over a fourth being below the age of 18. However, the increased number of children does not seem to significantly affect the morbidity and mortality when compared to the subacute group.
Hemorrhage Following Endovascular Treatment
A particularly difficult group to manage are those presenting with ICH as a complication resulting from an endovascular embolization procedure. Evacuation of the ICH alone in the context may not be possible in many cases for several reasons, and the stage of embolization and the configuration of both the residual and obliterated parts of the nidus have to be considered carefully. In all 3 of our such cases, the ICH was deep to the nidus and hemostasis was achieved after approaching the deep ICH with difficulty and only by resecting the AVM. The presence of Onyx as the embolization material within parts of the AVM rendered the nidus noncompressible and increased the difficulty of dissecting the deeper parts for resection. Furthermore, it is suspected that the ICH may have occurred due to premature occlusion of the venous outflow and the resultant increased intranidal pressure added to the difficulty of dealing with these during surgery.
Subacute Surgery (5-28 days) in the Presence of a Liquefying Hematoma Cavity
For the majority of patients with AVM that are stable, several clinical and anatomic factors should be considered to dictate the further method and timing of management. The clinical considerations include the estimated risk of recurrent hemorrhage. 30 Following presentation with a hemorrhage, the risk of hemorrhagic recurrence in the first year from an AVM is around 6%, compared to 2% to 3% per annum in subsequent years. 31 Factors increasing the intranidal pressure, such as increased feeding artery pressure, fewer draining veins, and stenosis of venous outflow, increase the risk of hemorrhage; small size and deep location are interrelated and may also increase the risk due to more limited venous outflow. Intranidal aneurysms also increase the risk of hemorrhage. 32 The increased risk of recurrent hemorrhage in the first year and the latent period for obliteration of AVMs following STRT may favor earlier microsurgical resection for lesions suitable for surgery after a hemorrhagic presentation. The presence and the course of neurological deficits that may have resulted from the hemorrhage have to be considered. These deficits often improve significantly in the weeks and months after the initial hemorrhage. Elective resection of complex vascular lesions in more favorable brain conditions would allow a better chance for continuous recovery. 28 In combination with the above considerations, the presence or absence of a mass-producing ICH may dictate the timing of intervention. We considered the period between the 5 and 28 days following hemorrhage as the "subacute" phase during which a hematoma, if present, is liquefying. The impact of this on the anatomic configuration of the AVM before the total resolution of the ICH would present a "window of opportunity" for surgical intervention. The morbidity of surgery for AVM resection correlates with the Spetzler grade. Practically, the difficulty and morbidity of surgery is mostly related to a deep and/or eloquent location in particular. 30 Spetzler grading identifies a higher grade for an AVM on or adjacent to a sensorimotor, language, or visual eloquent cortical region. Recent advanced neuroanatomical knowledge has emphasized the surgical importance of the different functional white matter tracts. In fact, deep tract disruption may be associated with a more permanent deficit than a cortical lesion as there is plasticity in cortical function. 33, 34 An ICH can act as a trajectory or a corridor to an otherwise deep AVM that facilitates the resection. Moreover, ICH adjacent to the deep surface of an AVM nidus not only facilitates the deep dissection but may also separate or push away eloquent white matter tracts and thus protects them from surgical manipulation. This, of course, is not always the case as the hematoma may well disrupt these tracts with a resulting permanent deficit. In the group of patients operated upon in our series in the presence of a subacute ICH adjacent to eloquent regions, the initial severe deficit did improve in the majority of cases to a variable degree following surgery. This approach has facilitated the resection of otherwise more complex Spetzler class B and C AVMs in our series. Although it may be argued that this approach may have contributed to some of the persistent deficits that would have recovered otherwise if a longer period of time was left prior to more elective surgery, nevertheless, we did achieve reasonably good results. Furthermore, this approach did not seem to compromise the obliteration rate of AVMs.
Patients operated upon in the "subacute" phase were subjectively selected. The timing of surgery was between 5 and 28 days. This provided optimum time during which the ICH is liquefying and the clots are easily evacuated without being adherent to the by then well-formed surrounding cavity within the brain. Few were delayed beyond 20 days, mainly to ensure that their neurological recovery has stabilized. In those, imaging prior to surgery ensured that the hematoma cavity was still large enough to facilitate the surgery. The hematoma was used as providing a "corridor" or trajectory to deep-seated AVMs such as the mediobasal location within the hemisphere or in the periventricular areas. However, during planning in these cases, especially for the more complex lesions, the ICH was deemed useful not only to provide access to the nidus but also to allow control of the deep arterial feeders. More commonly, the ICH cavity facilitated the definition of the deep aspect of the nidus, especially those adjacent to important tracts such as the internal capsule in those AVMs located in the insula, corona radiata, and the optic radiation. In the posterior fossa, the ICH cavity aided in localization of the majority of cerebellar AVMs that were mainly small in size.
Delayed elective management is appropriate for complex lesions especially in the absence of a significant ICH to allow better recovery and possibly planning preoperative embolization if deemed beneficial. 9 Preoperative adjuvant endovascular therapy ideally should aim to obliterate a deep segmental volume of the AVM rather than patchy diffuse occlusion. This should be preserved for complex AVMs, otherwise the morbidity of combined treatment modalities would add up unnecessarily. [35] [36] [37] [38] [39] [40] [41] Delay once a decision is made for surgical intervention should be avoided, considering the possible increased risk of recurrent hemorrhage, in particular within the first year. 31 Small deep lesions are suited for STRT treatment.
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CONCLUSIONS
In selected patients with AVM, the presence of a liquefying ICH cavity (between 5 and 28 days from presentation) represents a "window of opportunity" and may provide an operative trajectory, or facilitate deep dissection of the nidus. In such cases, microsurgical resection of the AVM with concomitant evacuation of the ICH in the subacute stage may be associated with a good neurological outcome and an excellent obliteration rate. Acute surgery (less than 48 h from presentation) is beneficial for lifesaving purposes; however, if the acute hematoma is tolerated and used in the subacute stage, a better outcome is expected. Disclosure associated with ruptured AVMs, very few of them focused on the timing of the surgery and its impact on the outcome. Despite the prevailing notion that the ruptured AVM should be addressed in a delayed fashion, studies describing early and delayed AVM extirpation in conjunction with hematoma evacuation are few and far in between. The authors provided interesting review of their patient population, treatment and outcomes.
This study was based on a non-consecutive prospective case series of 65 surgical procedures. The authors utilized a prospectively populated database of 131 patients, avoiding some of the major pitfalls of the retrospective study. There was only 1 surgeon contributing to the database, thus eliminating the experience and skills bias. Exclusion criteria included elective resection, small size of the ICH, and resolved or previously evacuated ICH. The selection bias appeared to be minimal.
Preoperative deficits, Glasgow Coma Scale, and age were recorded, but, unfortunately, the co-morbidities were not. The patient population was relatively young and unlikely to be burdened by significant concomitant diseases, however it is a minor shortcoming of the study. AVMs were characterized based on the Spetzler-Ponce grading system, which simplifies the original Spetzler-Martin classification. For the purpose of this study, focused primarily on patient outcomes, this simplification allowed for more clarity as regards the interpretation of the results. More specific description of the AVMs, including location and type of venous drainage was also presented. Interestingly enough, it did not appear to bear significance on patients' outcomes.
Patient outcomes were defined based on the modified Rankin scale, and they were further characterized by specifying postoperative neurological deficits and their correlation to the location of the lesion.
Patients were divided into 2 groups: 1 in which surgery was performed within 48 hours due to increased intracranial pressure, and the other in which surgery was performed in the sub-acute phase.
The paper is well organized and easy to read and understand. The exclusion criteria are clearly stated, and the results are clear and concise. The sections are organized in a logical manner, and the text flows well. All sections are presented clearly and succinctly, without unnecessary repetitiveness.
The authors succeeded in providing a thorough bibliography on the topic. The papers cited are relevant to the content and are up to date. They include a number of articles on both natural history and management of the AVMs.
The figures include a number of angiograms and CT scans of high quality. They are pertinent to the study and exemplify well the cases in each study group. The tables and charts contain relevant information, and are presented in a clear manner.
The authors should be applauded for providing extensive description of the cases, including anatomical nuances that influenced surgical decision making intraoperatively, as well as in-depth analysis of neurological deficits. The authors also appropriately used Fisher's exact test to compare outcomes between the 2 groups, as it allows for small sample sizes, as was the case in this study.
The authors' conclusions are succinct and well organized. They reiterate the most pertinent findings as relates to both acute and subacute surgical group.
The authors provided a good review on the current management strategies of ruptured AVMs. They stress the importance of preoperative work-up and angiographic assessment of the lesion. Their study re-enforced the generally accepted notion that delayed and planned resection has better chances of achieving a good outcome for the patient, as even large hematomas are often well tolerated. The authors described their approach to these lesions, and argue for utilizing the subacute hematoma as a corridor to a deep AVM. They recognized the possibility of causing permanent deficits with this approach, which could potentially be avoided with prolonged waiting. They note, however, the significantly increased risk of re-hemorrhage from the already ruptured AVM due to a variety of anatomical and physiological changes. Their clinical outcomes and obliteration rates did not deviate from the results of other groups in the similar populations, which would support the authors' views.
The subject of iatrogenic AVM rupture secondary to embolization procedure was also touched upon. The complexity of this situation was described, as extirpation of the partially embolized, ruptured AVM creates several issues that the authors warned about. As the supplemental role of endovascular treatments grows, this may become a complication encountered more frequently in the coming years, and the paper provided useful information on the topic.
Overall, the authors managed to accumulate and present extensive data on their management of ruptured AVMs, which will be very helpful for surgeons tackling this difficult pathology.
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